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(57) A sequence having a specific sequence and a 
sequence structure having at least an non-translational 
sequence are introduced into 5'-terminal and 3'-termi- 
nal, respectively, of mRNA which is a protein translation- 
al template molecule whereby mRNA having a high 
translation efficiency is constructed; a plasmid having a 
broad applicability containing a template DNA for tran- 
scription of the said mRNA is constructed; a synthetic 
method and a purifying method for the said mRNA hav- 
ing a high translational template activity are constructed; 
a continuous transcriptionaf/translational non-coupling 
cell-free protein synthesis where a continuous RNA syn- 
thetic means and a continuous cell-free protein synthet- 
ic means utilizing a wheat germ extract are combined is 
constructed as a practical cell-free protein synthetic 
means using the same; and a method for a co-expres- 
sion of plural proteins utilizing a cell-free protein syn- 
thetic means is constructed. 



Fig . 9 
(A) 



PreSctssion™ 
Protease Site 




pro 



pEU-GST-C3H 



PreScission™ 
Protease Site 




pEU-GST-MRL 



o. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 221 481 A1 

Description 

Technical Field 

[0001] The present invention is to provide design of translational template molecule having a high efficiency and a 
broad applicability, construction of plasmid having a broad applicability for the synthesis of RNA, means for the synthesis 
of RNA, means for supplying of RNA to a cell-free protein synthetic system and means for the transcriptional/transla- 
tional non-coupling continuous cell-free protein synthesis where those techniques are combined with an object of de- 
veloping a cell-free protein synthetic system using an extract prepared from cells and tissues to a practical art. 

Background Art 

[0002] In the fields such as development of pharmaceuticals and plant breeding in agriculture, it is an important 
matter that functions of many proteins in vivo are made clear. Especially shortly before the completion of genomic plan, 
the matter to be solved has now been quickly developing from analysis of structure of gene to analysis of function of 
gene. As one of the methods for analysis of function of gene, there is a method where protein for which gene is coding 
is produced and the function of the said protein is analyzed. 

[0003] Synthesis of protein by cell consists of the steps comprising that genetic information stored in DNA is firstly 
transcribed to mRNA which is a translational template molecule and then amino acids are bound by a translation device 
comprising a group of factors such as ribosome according to the information described in the base sequence of this 
mRNA whereupon protein which is a translation product of the genetic information is synthesized. 
[0004] With regard to a method where a protein synthesis reaction which efficiently proceeds in cells is carried out 
in vitro for the production of protein for which gene is coding, there have been vigorously carried out the studies for a 
cell-free protein synthetic method where, for example, ribosome which is a protein translation device inherent in cells 
and the like are extracted from living organism and to this extract are added translational template, amino acids which 
are to be substrates, energy source, various ions, buffer and other effective factors whereupon protein is synthesized 
in vitro (Japanese Patent Laid-Open Nos. 06/98790, 06/225783, 07/194, 09/291 and 07/147992). Escherichia coil 
wheat germ, reticulocytes of rabbit, etc. have been used for the preparation of extract of cells or living body tissues for 
the protein synthesis used for the reaction system of a cell-free protein synthesis or, in other words, a cell-free protein 
synthetic system. 

[0005] The cell-free protein synthetic system retains a property which is as high as living cells in terms of peptide 
synthetic rate and precision of translation reaction and, therefore, there is no need of complicated chemical reaction 
steps or troublesome cell incubation steps whereby development of its practical system has been carried out. Usually 
however, protein synthetic ability of the cell extract which is extracted from cells of living organisms is quite unstable 
and, therefore, its protein synthetic efficiency is low and, further, lowering of quality of the cell extract during preservation 
is significant whereby the quantity of the synthesized product obtained by the cell-free protein synthetic system is in 
such a low level as the degree which is detectable by means of radioisotope labeling and that is unable to be utilized 
as a practical production means for proteins. 

[0006] The present inventor has previously proposed methods for solving the disadvantage in the conventional cell- 
free protein synthetic system or, in other words, a cell extract preparation for a cell-free protein synthesis and a cell- 
free protein synthetic means (PCT/JP99/04088). 

[0007] However, in carrying out the synthesis of proteins efficiently, it is important in addition to the above-mentioned 
invention that the translation efficiency of mRNA which is a translational template is enhanced. In the conventional 
synthesis of mRNA having a high translation efficiency, it is necessary that a special structure which is called a CAP 
structure such as 7mGpppG is linked to its 5' -terminal. However, since this CAP molecule perse have a strong inhibiting 
activity to the initiation reaction for the protein synthesis, it is essential that, after the synthesis of mRNA, the residual 
molecules are completely removed from the mRNA fractions. In addition, when the amount of mRNA having a CAP 
structure at the S'-terminal is made in a high concentration, the protein synthetic reaction is inhibited and, therefore, 
the concentration is to be made low whereby the efficiency of synthesis of proteins is low as well. Further, CAP molecule 
is expensive and, for a practical utilization of a cell-free protein synthetic means, those are left as the problems to be 
solved. 

[0008] Generally, an in vitro RNA synthesis is carried out in a closed reaction system (closed system) such as in a 
test tube in the presence of four types of ribonucleoside-5' -triphosphate as substrates, RNA polymerase, spermidine 
and magnesium ion as well as an appropriate buffer. Further, it is necessary for isolation and purification of RNA such 
as mRNA, protein is removed from the synthetic reaction solution by means of a phenolic treatment and then residual 
ribonucleoside and pyrophosphoric acid which is a by-product of the synthetic reaction (and also CAP molecule having 
a stronger translation inhibiting action) are removed from the RNA fractions. Needless to say, such synthetic and 
purifying processes should be carried out in the absence of RNase and the said processes require sufficient experience 
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for the operation and are troublesome as well. Furthermore, in the RNA synthesis reaction in the conventional closed 
system, substrate concentrations lower as the synthetic reaction proceeds and, at the same time, by-produced pyro- 
phosphoric acid is accumulated whereby the RNA synthesis reaction reaches chemical equilibrium relatively quickly 
and stops and, accordingly, the synthetic yield of RNA is principally low. In such a synthetic method, the reaction stops 
5 within about two hours for example and amount of the resulting RNA is about 300 u,g per ml of the reaction volume 
which is not efficient. 

[0009] On the other hand, in order to make the protein synthesis efficient, a transcriptional/translational coupled cell- 
free protein synthetic system where mRNA synthesis by transcription and protein synthesis by translation are coupled 
so that transcription and translation are simultaneously carried out in the same system was firstly reported in a cell- 

10 free protein synthetic system using a cell extract (S-30) of Escherichia coli which is a prokaryote (Zubay, G., (1973), 
Ann. Rev. Genet, 7, 267-287), then that was also reported in a cell-free protein system using a cell extract of eukaryote 
(Roberts, B. et a!., (1975), Proc. Natt. Acad. Sci. USA, 72, 1922-1926; Pelham, H. R. B. et al., (1978), Eur. J. Biochem., 
82, 199-209; and U. S. Patents No. 5,665,563, No. 5,492,817 and No. 5,324,637) and they have been available in the 
market as well. However, in the transcription reaction and the translation reaction, there are big differences in optimum 

*5 ion concentrations and optimum concentrations of ribonucleoside-5'-triphosphate which is a substrate for the RNA 
synthesis, particularly, adenosine-5'-triphosphate (ATP) and guanosine-5'-triphosphate (GTP) which are energy for the 
translation whereby the protein synthesis efficiency in the conventional transcriptional/translational coupling system is 
quite low. Furthermore, in such a system using the cells of an eukaryote, CAP molecule perse has a strong translation 
inhibiting action and, therefore, it is principally impossible to construct a highly efficient translation system coupling 

20 with the synthesis of mRNA having a CAP structure at S'-terminal. 

[0010] In addition, proteins do not function solely in cells but achieve the functions as a result of interaction with 
various kinds of proteins, nucleic acids, low-molecular species and/or cell membrane components. It is also an impor- 
tant thing in the field of development of pharmaceuticals that the said interaction is made clear. With regard to a method 
for investigating the function of gene or gene group, there have been known a gene disruption method of incubated 

25 cells and living individuals and a two-hybrid method (Field, S., (1993), METHODS: A companion to Meth. EnzymoL, 
5, 116-124). However, the gene disruption method of incubated cells and living individuals has a limitation that, as a 
result of observation of growth of cells or individuals, the reactions occurring in the cells can be investigated only 
indirectly. Further, a two-hybrid method is able to co-express plural proteins simultaneously and is utilized for the anal- 
ysis of interaction among proteins but that is a just investigational experimental means whereby the operation is trou- 

30 blesome and time-consuming and, further, the obtained result is indirect as well. On the other hand, in the conventional 
genetic engineering means using living cells, it is possible to co-express about two kinds of proteins but no technique 
for an efficient co-expression of many proteins has been developed yet. 



Disclosure of the Invention 

35 

[001 1] The object to be solved by the present invention is to design a translational template molecular mRNA having 
high efficiency and broad applicability and is to provide construction of plasmid having broad applicability for the syn- 
thesis of mRNA which can be easily prepared and synthetic and purifying means for mRNA. 

[0012] One of other objects of the present invention is to provide an efficiently supplying means of mRNA to a cell- 
free protein synthetic system. 

[0013] Another object of the present invention is to provide a continuous and highly efficient transcriptional/transla- 
tional non-coupling cell-free protein synthetic means in which the above-mentioned elements and techniques are com- 
bined. 

[0014] Still another object of the present invention is to provide a method for the co-expression of plural proteins in 

45 a cell-free protein synthetic system. 

[0015] The present inventor has carried out an investigation for developing a practical cell-free protein synthetic 
means having a broad applicability and high efficiency and, as a result, a base sequence having an Q sequence of 
tobacco mosaic virus (TMV), a base sequence having a leader sequence of alfalfa virus (AMV) or three kinds of short 
base sequences derived therefrom (SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3 of the Sequence Listing) is 

so introduced into S'-terminal of mRNA which is a protein translational template molecule and a sequence structure having 
at least non-translational sequence into 3'-terminal thereof whereupon mRNA having a high translation efficiency is 
constructed, a plasmid having a broad applicability containing the transcriptional template DNA of the said constructed 
mRNA is constructed and there are provided a method for the synthesis and purification of the said constructed mRNA 
having a high translational template activity and a continuous transcriptional/translational non-coupling system with a 

55 continuous cell-free protein synthesis utilizing mRNA synthesis and wheat germ extract as a practical cell-free protein 
synthetic means using the same whereupon the present invention has been achieved. 
[0016] Thus, the present invention is as follows. 
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LtSS.'STt 8 K f tranS ! ati0nal template mo,ecule which is a modifying means for translational template 
molecule being able to be used as a means for cell-free protein synthesis comprising that at least one base se- 
quence selected from the following, i.e. 

1) a base sequence having an alfalfa mosaic virus (AMV) leader sequence, 

2) a base sequence having an Q sequence of tobacco mosaic virus (TMV) 

3) a base sequence having 70% or more homology to an alfalfa mosaic virus (AMV) leader sequence and 
bang able to give mRNA which has about 70% or more translation initiation activity as compared with the 
translation initiation activity of mRNA where a CAP structure is present 

4) a base sequence having 70% or more homology to an a sequence of tobacco mosaic virus (TMV) and 
being able to give mRNA which has about 70% or more translation initiation activity as compared with the 
translation initiation activity of mRNA where a CAP structure is present 

5) a base sequence described in SEQ ID NO: 1 , SEQ ID NO: 2 or SEQ "|D NO: 3 of the Sequence Listing and 
SnhST IVnl^Z" 9 ^ ° r m ° re h0mOl ° 9y 10 the Sequence se,ected from the base sequences de- 

or t ? ; \ N ° : 3 ° f thS SeqU8nCe USting and bein 9 able t0 9 ive mRNA which has about 70% 
or more translation initiation activity as compared with the translation initiation activity of mRNA where a CAP 
structure is present 

is introduced into a structure of S'-terminal of the said translational template molecule and then at least 
a non-translational sequence is introduced into a structure of 3'-terminal. 

witl^nTn^H" !■ m< T I 0 ' tranSlational tem P ,a,e molecule according to the above 1 , wherein there is combined 
with an introduction of a base sequence having a known translation initiation activity into a S'-terminal 
mean^whlin 2 ^^^cture of a translational template molecule used for a cell-free protein synthetic 

CD a base sequence carrying a promoter function, 

<D a base sequence at the downstream thereof which is to be a transcriptional template for at least 
an alfalfa mosaic virus (AMV) leader sequence, 
an Si sequence of tobacco mosaic virus (TMV), 

a base sequence having 70% or more homology to an alfalfa mosaic virus (AMV) leader sequence or 

fl?, a S t eqUe v e , ° f t0baCC ° m ° SaiC VimS f™^ and b6in9 able t0 9 ive mRNA havin 9 ^out 70% or more 
ranslation initiation activity as compared with the translation initiation activity of mRNA where a CAP structure 

IS present, 

a base sequence described in SEQ ID NO: 1 , SEQ ID NO: 2 or SEQ ID NO: 3 of the Sequence Listing or 
in wn ? Se ^ U ?^ aVin9 70% ° r m ° re homol °9y t° the base sequence described in SEQ ID NO: 1 SEQ 
ID NO. 2 or SEQ ID NO: 3 of the Sequence Listing and being able to give mRNA which has about 70% or 
more translation initiation activity as compared with the translation initiation activity of mRNA where a CAP 
structure is present, 

© plural restriction enzyme cleavage sites at the region corresponding to the downstream thereof and 

SL= i m Tl^o J non - translational sequence at the region corresponding to the downstream of the ter- 
mination codon of ORF (open reading frame) 
are aligned. 

4. The plasmid according to the above 3, wherein the size of the plasmid body is 3 Kb or more 

5. The plasmid according to the above 3 or 4, wherein the plasmid is a circular type 

I vlnL^T aC T rding , t0 l he 8b0Ve 5 ' Wherein 8 base se « uence ca "Ving a transcription terminator function is 
aligned at the upstream of a base sequence carrying a promoter function 

7. The plasmid according to the above 3 or 4, wherein the plasmid is a straight-chain type 

8. A method for the synthesis of RNA utilizing the modifying means according to the above 1 or 2 

9. The method for the synthesis of RNA according to the above 8, wherein it is characterized in that in a reaction 

7rTlZlT ntheS l S :l RNA h ' 3 SUbStanCS neC6SSary f ° r the Synth6Sis ° f the said RNA is coItS^ES 
removed 9 ° f RNA the b yP rodlJCt of tbe reaction are continuous^ 

^ZV:TJ 3 ZT ° f ^ ^ 3 Ce "- free Pr ° tein SynthGtiC ^ " Sing any - ^ plasmids 
1 1 . The method for the synthesis of RNA according to the above 1 0, wherein it is characterized in that in a reaction 
and/or a substance inhibiting the synthesis of the said RNA is continuously removed. s"PP»eo 
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12. A cell-free protein synthetic means utilizing the mRNA obtained by any of the synthetic methods for RNA 
according to the above 8 to 11 . 

13. A cell-free protein synthetic means utilizing any of the plasmids according to the above 3 to 7. 

14. A cell-free protein synthetic means where the cetl-free protein synthetic means according to the above 12 or 
5 13 is a cell-free protein synthetic means using an extract of wheat germ and, in the said wheat germ extract, 

contamination of endosperm components is substantially removed. 

15. A continuous transcriptional/translational non-coupling cell-free protein synthetic means which is the cell-free 
protein synthetic means according to the above 12 or 13, wherein it is characterized in that the mRNA synthesis 
(transcription) and the protein synthesis (translation) are not coupled but are continuously carried out in a system. 

w 16. A continuous transcriptional/translational non-coupling cell-free protein synthetic means where the protein 

synthesis (translation) can be carried out in the same reaction vessel which is a cell-free protein synthetic means 
utilizing the plasmid according to the above 5 or 6 comprising that the mRNA synthesis (transcription) is carried 
out in a reaction vessel having a molecular sieve carrier, the said synthesized mRNA is purified and collected by 
a carrier which can carry out a molecular sieving and, under a dialysis condition, temperature of the reaction 

15 solution containing mRNA in the reaction vessel is changed to a temperature appropriate for the protein synthesis 

so that the protein synthetic reaction of the mRNA is carried out. 

17. A continuous transcriptional/translational non-coupling cell-free protein synthetic means which is a cell-free 
protein synthetic means utilizing the plasmid according to the above 5 or 6, wherein, a reaction vessel having a 
dialyzing means is used and, after the mRNA synthesis (transcription) is carried out in an inner area of dialysis 

20 membrane, the temperature of the reaction solution is changed to a temperature which is appropriate for the protein 

synthesis (translation) and, the solution composition in the inner area of dialysis membrane is converted to a 
solution composition for the protein synthesis by dialysis whereby the mRNA synthesis (transcription) and the 
protein synthesis (translation) can be carried out in the same reaction vessel. 

1 8. A continuous transcriptional/translational non-coupling cell-free protein synthetic means comprising the follow- 
25 jng steps: 

(a) mRNA is synthesized in a reaction vessel having a carrier which is able to carry out a molecular sieving, 

(b) the said synthesized mRNA is purified by the carrier which is able to carry out a molecular sieving and then 
collected and 

30 (c) the protein synthesis is carried out in a reaction vessel containing the said synthesized and collected mRNA 

under a dialysis condition. 

1 9. A continuous transcriptional/translational non-coupling cell-free protein synthetic means comprising the follow- 
ing steps: 

35 

(1) there is used a reaction vessel having a dialysis membrane where a mixed solution of the transcription 
reaction solution and the translation reaction solution is added to the inner area of the dialysis membrane, 

(2) a solution for the protein synthesis reaction is filled in as an external solution for dialysis to manufacture 
the mRNA in a permeating membrane, 

40 (3) then the temperature of the reaction solution is changed to a temperature which is suitable for the protein 

synthesis reaction (translation reaction) and 
(4) synthesis of protein is carried out under a dialysis condition. 

20. A continuous transcriptional/translational non-coupling cell-free protein synthetic means where, in the contin- 
45 uous transcriptional/translational non-coupling cell-free protein synthetic means in any of the above 15 to 19, an 

element which is selected at least from mRNA which is to be a translational template for protein synthesis reaction, 
enzyme of an energy regeneration system, substrate and energy source is subjected to a treatment selected from 
addition, preservation, exchange and discharge. 

21 . A cell-free protein synthetic means, characterized in that, a protein coating is applied at least on the surface 
50 participating in the dialyzing means or the molecular sieving means among the surfaces which are contacting to 

the reaction solution in the reaction vessel wherein mRNA synthesis is carried out. 

22. The continuous transcriptional/translational non-coupling cell-free protein synthetic means according to any 
of the above 16, 18, 20 and 21 , wherein, as a molecular sieving means or a carrier which is able to carry out a 
molecular sieving, there is carried out using a filter having a pore size whereby separation of the synthesized 

55 mRNA from low-molecular substances such as substrate and by-products is possible. 

23. A continuous transcriptional/translational non-coupling cell-free protein synthetic means wherein the cell-free 
protein synthetic system used in the continuous transcriptional/translational non-coupling cell-free protein synthetic 
means according to any of the above 15 to 22 is a system utilizing a wheat germ extract and, in the said wheat 
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Fig. 3: This is a drawing where mRNA in which S'-terminal non-transiational sequence is linked to mRNA having 
an AMV-Q sequence at 5'-terminal is designed and synthesized and stability of those template molecules in a cell- 
free protein synthetic reaction utilizing a wheat germ extract is illustrated. In Fig. 3, (A) and (B) show the stabilities 
of the mRNA synthesized using a straight-chain type plasmid and a circular type plasm id, respectively. 

5 Fig. 4: This is a drawing which illustrates the result of comparison of synthetic efficiency of the transcription reaction 

between the conventional batch reaction (reaction method in vitro) and the novel continuous reaction method 
utilizing a dialysis membrane. The upper drawing is that the transcribed product during the course of the reaction 
is separated by an agarose gel electrophoresis and stained with ethidium bromide. The lower drawing shows the 
changes of the amount of the synthesized mRNA with elapse of time which is calculated from the absorbance 

10 value at A260 nm after purification and the ratio of fluorescence intensity of mRNA on the gel to the fluorescence 

intensity of the template DNA that is an internal standard. In the drawing, (A), (B) and (C) show the results of a 
reaction method in vitro, a dialysis membrane to which no serum albumin coating is applied and a dialysis mem- 
brane coated with serum albumin are used, respectively. 

Fig. 5: This is a drawing which compares the template activity of various mRNA's synthesized by a dialytic method 
15 in a wheat germ cell-free protein synthetic system of a batch type. In the drawing, if shows dhfr mRNA where 

an AMV-Q sequence is linked to 5' -terminal and poly (A) 100 and 3'-UTR derived from dhfr gene of Escherichia 
coii is linked to 3'-terminal which is synthesized from a circular type plasmid (being un-incised by restriction en- 
zyme); ft -it shows the same mRNA synthesized from a straight-chain type plasmid (being incised by restriction 
enzyme) ; and •-• shows mRNA having a CAP structure at 5'-terminal synthesized by using a straight-chain type 
20 plasmid as a template. The ordinate shows a radioactivity (dpm/5 \x\) incorporated in protein while the abscissa 

shows the concentration of mRNA in the reaction solution. 

Fig. 6: This drawing shows the result of the continuous cell-free protein synthesis using a dialysis membrane by 
the use of mRNA molecule species having a 5'-AM V-Q structure synthesized using straight-chain type and circular 
type plasmids as templates. (A) and (B) of Fig. 6 show the result of protein synthesis in the case where mRNA is 

25 synthesized using circular type and straight-chain type plasmids, respectively, and used as translational templates. 

(C) of Fig. 6 shows the result of synthesis of protein where mRNA is synthesized in a microspin column using a 
circular type plasmid as a template and purified by centrifugation utilizing the said reaction vessel, the filter col- 
lecting the mRNA is taken out from the microspin column and the filter is added to an inner area of dialysis mem- 
brane filled with a protein synthesis reaction solution. In the drawing, an arrow means dhfr protein which is a 

30 translation product while a star means creatine kinase in the reaction solution. 

Fig. 7: This drawing illustrates a continuous and united transcriptional/translational non-coupling system compris- 
ing a continuous mRNA synthesis and a continuous cell-free protein synthesis. (A) and (B) of Fig. 7 illustrate a 
cell-free protein synthetic method using pure mRNA collected on the filter as a template and a continuous tran- 
scriptional/translational non-coupling cell-free protein synthesis method utilizing a dialysis membrane, respectively. 

35 Fig. 8: This shows the result of protein synthesis by a continuous and united transcriptional/translational non- 

coupling system comprising the continuous RNA synthesis and the continuous cell-free protein synthesis. Fig. 8 
(A) shows the result using a continuous transcriptional/translational cell-free protein synthetic method utilizing a 
dialysis membrane and Fig. 8(B) shows the result of a method using pure mRNA collected on the filter as a template. 
In the drawing, an arrow means dhfr which is a translation product and a star means creatine kinase in the reaction 

40 solution. 

Fig. 9: This is a scheme showing the plasmid for. a cell-free protein synthesis of osteopontin which is a fusion type 
with GST Fig. 9(A) shows pEU-GST-C3H which is a plasmid containing ORF coding for osteopontin derived from 
C3H mouse fused with GST and Fig. 9(B) shows pEU-GST-MRL which is a plasmid containing ORF coding for 
osteopontin derived from MRL mouse fused with GST. 
45 Fig. 1 0: This shows the result of synthesis of osteopontin of a fused type by means of a cell-free protein synthesis 

of a batch type using a wheat germ extract. 

Fig. 1 1 : This is an autoradiogram where molecular weight of a synthesized osteopontin of a fused type is confirmed. 
In the drawing, M is a molecular weight marker. 

Fig. 12: This is a drawing where osteopontin of a fused type obtained by a continuous cell-free protein synthesis 
50 by a dialytic method using a wheat germ extract is confirmed by means of staining with Coomassie Blue after an 

SDS-polyacrylamide gel electrophoresis. In the drawing, M is a molecular weight marker. LaneT is a separated 
and stained partem of total protein including the synthesized fused protein (GST-OPN), lane E is that where the 
said synthesized fused protein is purified and lane D is an OPN protein of a mature type. 

Fig. 13: This shows the result of co-expression of five kinds of proteins by a cell-free protein synthesis. Fig. 13 (A) 
55 shows the result where each protein is separately synthesized and the result where mRNA of each protein is mixed 

to conduct a cell-free protein synthesis. In the drawing, dhfr means dihydrofolate reductase, GST means glutath- 
ione-S-transferase, GFP means green fluorescent protein, G-OPN means GST-osteopontin fused protein and LUC 
means luciferase. Further, -mRNA means the result where a cell-free protein synthetic reaction is carried out 
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cell-free protein synthesis. M Is a molecule, weigh, roarker. * 'ncubaled and thee mixed to cany out a 

an arrow shows the synthesized GEP taction .seamed out wrthstimng [Fig. 14(b)]. Inthedrawing, 



an arrow shows the synthesized GEP. 
Best Mode for Carrying Out the Invention 



[0018] The present inventor has specified the causes wh^rphu th 0 ^oii 

stable and. oh the baa* of such e finding, he hi iv^d a^oala ^"f bSC ° meS 

non-translational sequence and having a hiah tLteZ lm«! ^es.s of mRNA bang incorporated with the said 
translation cassette plasmid)- the d3opSen t of ifmoL ^ (here ' nafter - ma » be referr ^ to as highly effective 
and purification of mRNA using Tthe ZSSZ^J^^ m oonvement technique for synthesis in large quantities 
system for carrying out a conS™« *T ^efopment of a simple and convenient 

RNA synthesis utilizing a u.trafi.ter m ZZfZ S^^^^ Wh ,T" 3 C ° minU ° US 
are united; the method in which the highly efficient transSo™il« P , „ synthesis usmg a dialysis membrane 
gene is not cleaved by a restriction enzym tZ Z l^ T^ ? *T ,nCOrporated wi,h the «h*d protein 
system whereby mRNA which is stabteTn ha a KSEZ^ t0 * Ce "- free Pr ° ,ein SymhetiC 
good efficiency so that, in the same reaction vessel, a oSKSS uSEEES! ^ nuo «* Synthesized in a 
couplingmannerw.^^ 

particular* preferably, a ^mSiS^S^^r^^ * ^ ^ eXtraCt is preferred and - 
moved is used. With regard to the^S^ ° f endos P e ™ components is substantially re^ 

made from a material wh eh^ 

be mentioned later in Example 1 where gel ^^^Z^^ 1 ^ 1(B)J ° btain6d by a method which wi » 
[Fig. 1 (A)] are removed. 9 9 Wh " e Sma " ' njUred part and 9 erm ha ™9 brown or black color 

'TpVefe^ ^ - * the P - ent ^ -0 a wheat germ extract, 

not stirred. synthes.s react.on ,s earned out under a static condition where the reaction solution is 

(Construction of S'-termina. and 3'-termina. of mRNA having a high translation efficiency) 
S'-Terminal structure: 

obtained from the investigation for a prote^^^ 

sequence, an omega sequence exlC in TS^^ST^ 7 " 9 ^ ™ m0Saic virus < AMV > lead *' 
RNA or a base sequence defied S seq to NoTo Vsi ISS^^ST* "V?*™ «™ <™ V > 

the above is used as a 5'-untranslated reaion .5" uxm ,7 f 6 Se ^ uence L,st, ng obtained by modifying 

of the aimed mRNA in the base ^ 

protein synthetic system. The AMV lLderseouen C 0 a Tr. 2w P m ° ,eCU,e (mRNA) used in a cel| - free 

three base sequences obtained ^d^^ 

in Table 2. * of the Sequence Listing) will be shown 

£5 CenTex'S'^^rrs^ ?? *» (AMV > ■— ' "«"««» - 

deaedbed ,„ SEQ ,0 NO , s t Q mTo Z So o NaiTLV " 0 T* V ' mS <™ V >' 8 b,se 
~<™o,roo™ s .,^^^^^^ 
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as compared with the translation initiation activity of mRNA wherein CAP structure exists. 

[0024] The said base sequences are also possible to be introduced either solely or in plural, further in combination 
with the base sequence or structure related to translation initiation such as known CAP structure. 

5 3'-Terminal structure: 

[0025] It has been known that, in the 3'-terminal of eukaryotic RNA, from several tens to about 200 polyadenylic acid 
structures [poly(A)] are present and participate in promotion of translation initiation activity and in stabilization of RNA. 
The present inventor has synthesized mRNA by adding 50—150 or, preferably, 1 00 polyadenylic acid structures to the 

10 3' -terminal of template DNA of RNA and confirmed that the said molecule has a high template activity. 

[0026] In order to investigate the further stabilization of mRNA on the basis of those results, the present inventor has 
introduced a long non-translational RNA chain into a downstream of translation termination codon and found that 
stability of mRNA significantly increased. With regard to a method for the introduction of this long-chain non-translational 
RNA, plasmid was not cleaved by a restriction enzyme before the transcription reaction to give a straight-chain type 

is but the original circular type was used in the transcription reaction as a template. In that case, no special transcription 
termination site was inserted to the used plasmid and, therefore, mRNA which is a transcribed product was synthesized 
as mRNA having various molecular sizes. 

[0027] Incidentally, the S'-terminal non-translational sequence which is the long-chain non-translational RNA may 
be about 300 bases or more or, preferably, about 500 bases or more and the said base sequence may not be a special 

20 one. Preferably, it is about 500 to about 1 ,500 bases and, most preferably, about 700 bases. 

[0028] As an examples of the present invention, there was adopted a method of introducing the non-translational 
sequence derived from viral RNA to 5'-terminal and/or 3'-terminal of the gene by a gene engineering means utilizing 
gene of dihydrofolate reductase (dhfr) of Escherichia co//cloned into the plasmid (Baranov, V. I., et al„ (1989), Gene, 
84, 463-466). Thus, as one of them, a novel structure of mRNA requiring no existence of CAP structure and having a 

25 high translation initiation activity was constructed by introducing AMV leader sequence which is 5'-terminal non-trans- 
lational sequence of AMV mRNA, Q structure of 5'-terminal non-translational sequence of TMV mRNA or base se- 
quence described in SEQ ID NO: 1 , SEQ ID NO: 2 or SEQ ID NO: 3 of the Sequence Listing in plural in a combined 
manner in series into 5' -terminal thereof or by introduction of a long non-translational sequence (UTR) and/or 100 
polyadenylic acid structures into 3'-termina! thereof. Such sequences and structures potentiate the translation activity 

30 of the said mRNA even when each of them is introduced into mRNA solely. However, the structure of mRNA having a 
high translation activity is in such a case that, as shown in Table 1 of Example 1 , AMV-Q-base sequence being translated 
for protein -3'-terminal non-translational sequence-poly(A)-3'-terminal non translational sequence derived from the 
plasmid is synthesized by the use of a circular type plasmid as a transcriptional template or, in place of the AMV-n, a 
base sequence described in SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3 of the Sequence Listing is similarly 

35 introduced and constructed (Table 2 and Table 3). 

[0029] As hereinabove, it has been succeeded in designing and synthesizing the mRNA having a high template 
activity when novel S'-terminal and 3'-terminal structures are linked to mRNA and it has been proved that the product 
shows a high translation efficiency in a cell-free protein synthetic system utilizing a wheat germ extract. The above- 
mentioned modifying means for a translational template molecule according to the present invention can be utilized 

40 for the synthesis of RNA having a high template activity and for a cell-free protein synthetic means. 

(Construction of plasmid having a broad applicability for the synthesis of mRNA having a high translation efficiency) 

[0030] The above-mentioned finding was obtained from the result of the experiment using dhfr gene as a model and, 
45 in order to make it commonly utilizable for various mRNA syntheses, there was constructed novel plasmid for an in 
vitro RNA synthesis having a broad applicability where plural cloning sites are inserted. It goes without saying that, in 
a template DNA for mRNA transcription to be incorporated into the said plasmid as an ORF, it is possible to link a DNA 
encoding a tag such as GST (glutathione-S-transf erase). With regard to the tag, although that which has been known 
perse may be used, it is also possible upon necessity to use commercially available ones such as histidine tag (His- 
50 tag), FLAG, Xpress, hemagglutinin epitope (HA), Myc epitope, T7 epitope, HSV epitope, maltose-linked protein (MBP), 
thioredoxin (TRX), 3-galactosidase (pgal, LacZ), etc. With regard to the said plasmid, not only that which is previously 
cleaved into a straight-chain type by a restriction enzyme but also a circular type without cleaving may be used as a 
template for the transcription reaction whereupon it is possible to synthesize the mRNA where a long non-translational 
RNA chain is introduced at the 3'-terminal side of mRNA. It has been further confirmed that this transcription product 
55 (mRNA) has a stable and high translational template function in a cell-free protein synthetic system utilizing a wheat 
germ extract. 

[0031] The plasmid having a broad applicability according to the present invention is a plasmid utilized as a template 
in a cell-free protein synthetic wherein 
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CD a base sequence carrying a promoter function 

mRNA where a CAP structure is present * compared with the translation initiation activity of 

S ^^^^^^^^r COrreSP ° n ^ 10 the d ~ thereof an d 
codonofORF ^"^.ona! sequence at the reg.on corresponding to the downstream of the termination 

scription product is synthesized as SThtin" Z^^^TS^ T*?** 1 " 3 
carrymg a terminator function regulatinq the transcLinn t7JT„ f . 50 P 08s,ble that a sequence 

region so that the mo.ecu.ar siz'e of theta^ upstreamof the promoter 

for°mRNA^t^ -imitation so far as it is able to be a tempiate 

reticulocyte of rabbit. It is ^eZpZXtmZZeS^ ST? 83 Wheat ^ «* and 

there is also no particular limitation s ^Jl^KS^^iiSrSilS-" ^W^"^ '•S-nf 1» apromotar. 
cell-free protein synthetic system and there m be ^empSed S^JS^^ -1 ^* * mRNA *• Said 
by restriction enzyme are the means that, by utitaing tneTSes deS i Z7 77 Pr ° m0ter P ' Ural Sites cleaved 

for the synthesis of mRNA. 9 ' deS,red gene 18 ,nserted int0 the plasmid as a template 

22. pTo^iretr ent inV6nti0n ° btalned 35 SUCh Ca " be — ** ■» -ans of RNA synthesis and a 
(Establishment of simple means for mass synthesis and purification of mRNA) 

Sms^h™ 

filter is prepared as a reaction vessel anTZTsl ^f. f\t ^ C ° lUmn 6QUipped With an "ration 
comprising template DNA and 4 kinds c^ubs ui, 22 ™' ' S fi " ed a transcription reaction solution 
RNA polymerase, spermidine, nu^^^^SS!^ -triphosphates and, if necessary, CAP molecule, 
* template DNA and RNA polymerase fJ^ZSS^S^^^^ p,Wd by the exc,udin 9 

solution for dialysis and a dialytic continuous i^^S^EEZ^ M,0n iS used as an 6xte ™' 

to continuously supply the substrate and to ™*hod, It is possible 

from the reaction system and, since the reaction does not relit thJ t! T GtC ' rSSU,ted as b VPr° d "cts 

RNA continues as long as 12 hours or more wh^^^^f™ 081 ec > u,llbnum for *"9 time, synthesis of 
can be obtained. wnereoy 5 fold more of RNA as compared with the conventional method 

sCo^r^r^^^^^ r . , r „ „ PaniK ,,. r , imlta „ n so 

Plasmid of the present invention " a " d 11 18 also possible t0 use the above-mentioned 

Stin^ 

ipating in a dialing means or a me^Z^ST^ Is a dT ^""l 8 " 31 ^ °" the SUrface partic ' 
synthetic method for mRNA in a cell-free protein s^hetic m I„ Th * * membrane ° r ultrafiltration filter, in a 
creased by a coating treatment using pSeTa d «X2aCSL2!r * T"* transcri P tion can be in- 

protein used for the coating, albumin is exempted ^al houoh it I m T1 *" Pr6Vented 38 We "- With re 9 ard *» the 
that the protein used for coating is panicuteZTS " 0t ' ,m,ted theret0 ° n, V- *rther, it is not necessary 

sieving means but the effect may ^S^^^T^T 9 ^ dia ' y2in9 mea " S ° r a ™ ,ec ^ 
this is no, a .imitation. A method of washing with aZS^Z S? r'" 9 S0 ' Uti ° n f ° rS6Veral times a,thou 9" 
Concentration of the protein-containing so luTnte ^S^SS^SS^f ^ b ^ a " d preferred 
is sufficient and lower than that is acceptable as we7 Part ' CU,arly " mited but a 8aturated concentration for dissolving 
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[0038] The point where the RNA synthetic method of the present invention is better than the conventional methods 
is that purification of the synthesized RNA is simple. Thus, in the present method, the reaction vessel is just centrifuged 
at low speed after synthesis of RNA whereby the low-molecular substances are removed from the pores of the ultra- 
filtration filter while RNA molecules are collected on the ultrafiltration filter in the reaction vessel. When addition of an 

5 appropriate solution such as water and the succeeding centrifugation are repeated for several times, RNA having a 
very high purity can be easily isolated and recovered without conducting an operation such as treatment with phenol. 
[0039] As such, when the modifying means for template molecule of the present invention or the plasmid of the 
present invention is utilized and, the continuous RNA synthetic method of the present invention is used, it is now 
possible to manufacture the RNA more efficiently than before. The present method is also applicable for the synthesis 

10 of mRN A and for the synthesis of other RN A's in general. 

[0040] The mRNA obtained by the RNA synthetic method of the present invention is utilizable to a cell-free protein 
synthetic means. 

(Cell-free protein synthetic means) 



[0041] In the present invention, the above-mentioned modifying method for translational template molecule is utilized 
or a cell-free protein synthetic means utilizing the above-mentioned plasmid is included as well. The cell-free protein 
synthetic means of the present invention uses the mRNA having a high translation efficiency of the present invention 
or using the plasmid of the present invention and, therefore, a higher protein synthetic efficiency than in the conventional 
20 method is achieved. In addition, the cell-free protein synthetic means of the present invention can be utilized in a 
continuous transcriptional/translational non-coupling cell-free protein synthetic means of the present invention which 
will be mentioned later. 

(Unified system of a continuous RNA synthesis and a continuous cell-free protein synthesis) 



[0042] Further, in maintaining the high synthetic efficiency and in simplifying the operation in a cell-free protein syn- 
thetic means, there have been established the following two practical systems where m-RNA synthesis and protein 
synthesis are unified in which, in carrying out the cell-free protein synthetic reaction, plasmid containing the aimed 
protein gene is added to the reaction system whereby a sufficient amount of protein can be synthesized. Any of those 
30 two systems is a continuous system where mRNA is synthesized firstly and then protein synthesis is carried out in the 
same reaction vessel and is a transcriptional/translational non-coupling system. This system is useful for the develop- 
ment of a fully automated cell-free protein synthetic apparatus as well. 

(System utilizing a dialysis membrane) 



[0043] Fig. 7 (B) shows a scheme of a continuous transcriptional/translational non-coupling cell-free synthetic means 
of the present invention where a continuous RNA synthesis utilizing the dialysis membrane and a continuous cell-free 
protein synthesis are unified. 

[0044] Firstly, an aimed gene is integrated into the plasmid for the mRNA synthesis including the above-mentioned 

40 5'-terminal and 3'-terminal non-translational sequences having a high translation activity and that is added in a circular 
type as it is to a transcription reaction solution and subjected to a preliminary reaction at 23~37°C or, preferably, at 
30°C for about 5 minutes or, preferably, for 1 0 minutes. Although this preliminary reaction step may be omitted if desired, 
it is advantageous to carry out the said reaction because, in this preliminary reaction step, RNA polymerase binds to 
a promoter region of a template DNA and the transcription initiation reaction efficiently proceeds whereby the synthe- 

45 sized amount of mRNA in the next heating step increases and, therefore, the synthesized amount of protein in the 
translation reaction stage increases. After that, the transcription reaction solution and the translation reaction solution 
are mixed. The mixture is transferred to a dialysis membrane tube and dipped in a container filled with a previously- 
prepared external solution for dialysis for the synthesis of protein. The reaction is carried out under a static condition 
at 30°C for about 3 hours whereupon, at first, mRNA is mainly synthesized. 

so [0045] In the next step, the reaction temperature is lowered to 23°C and the reaction under dialysis is maintained 
under a static condition. In this stage, concentrations of low-molecular substances in the inner area of dialysis mem- 
brane particularly ATP, GTP and magnesium ion which are set at high corresponding to the optimum concentration of 
mRNA synthesis lower together with the progress of dialysis, the concentration comes near the concentration of the 
external solution for dialysis comprising a solution for protein synthesis and, soon, the inner area of the dialysis mem- 

55 brane is converted to a composition of solution for protein synthesis. 

[0046] As a result thereof, a protein synthesis reaction is promoted and its reaction rate becomes maximum where- 
upon protein is mostly synthesized. This cell-free protein synthetic reaction continues for 60 hours or longer and, in 
the case of a dhfr synthesis, it is possible to obtain about 4 mg of protein per ml of the reaction solution. 
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(System utilizing an ultrafiltration filer) 

protein synthesis are united is shown in Fig 7(A) ultrafilter membrane and a continuous cell-free 

.ation acuity as a te^p-ate. ,n that case ft 1s prTnt ha t Z^ZVZtiT TIT* haV ' n9 3 hi9h ^ 
used in a circular form as it is. It is incubated at ao-W ITh 5, * mp ' ate f0r the RNA synthesis is 

necessary synthetic amount of RNA and uta I ^ ti^TTS^i d6,erTTlined dependin 9 Upon tne 
ultrafilter membrane used here is the same as thS ,« f*,* J? S ' The spm co,umn e WPPed with an 

[0050] Afterthe reaction InTi^^J^™^ ^""f^ meth ° d f ° r RNA of the P"""* invention. 
mRNA is collected on a fi«er Then a 

germ extract is added to the said spin colum and dtooLdtn V J contain,n 9 a cel1 e ^act such as a wheat 

reaction, a cell-free protein synthetic re" 

extract, the reaction is carried out under the static conSion ^ ^ eXtraCt is Used as a cel1 

filter of the spin column is poured together with the filteNnt^ h ^ynthes.ze the protein when the mRNA on the 
dialysis membrane. Further, when the prien^ t^ZsuLl S h the ab ° Ve - mentioned utilizing a 

zsFzzrz reaction after - s ~™* ~- be a,so subjected 

synthetic yield of protein is higher when mRNA h a lc b Sp S ° f P : 6Sence and absence of CAP. Although the 
in the synthetic yield of mRlJ Shaving a CAP sl5u» att^^t ! Ma> h US6d ' there is no bi 9 diffe ™t 
and that of mRNA synthesized froma cZT» pe P.as^ 3 strai ^-chain type plasmid 

ssfTS jt l s preferred to use a circu,ar and - when the cost is taken ■* 

S wnfchTs t^aTn^^ 10 °" e or more element(s) at least selected from 

substrate and energy source there may be ntroduST Synthet,c / eact,on - en2 vme of energy regeneration system, 
necessity or continuously arte r startin "the Sfon louTthT ^ ^ added eithe r upon 

intermrttently. Further, in the present System TtrttLn'wheS ^V?*" "** be added ^"tinuous.y or 

tioned cell-free protein synthetic reaSo Hs ^bSSJ^'^S^T T ^ neCeSSa,V f0r abov ^"- 
reactionmaybeintroducedsoastomaintain^ f I Sa,d SymhetiC reaCtion and durin °- th * 

a desired amount of the externa, solutfo^ 

either continuous^ or interment* may ESS ^Z^^S^^^r^ " 
substance for the above-mentioned cell-free orotein «miZf addlt, ° nal add,t,on ^exchange of the necessary 
preservation of that. Furthermore Jhe esentfnv^ SyStem ma V hav * ■ means for 

in the ce„-free protein synthetic reJC * eXC ' Udin9 *» 

preservation, exchange and/or discharge,,^ 

-tu^ 

membrane, among the surfaces exacting ^ 

out efficiency of the protein synthesis is further ZtZTrT ITS^^T T *" Synth6SiS * ^ 
possible to enhance the efficiency of the mRNA transcrtotion «nri thf I« ff" 8 treatment usi "9 P™tein, it is 

With regard to the protein used for the coTtinq « JZ^ ^T?* °* the succeedin 9 P«*ein translation, 
to the protein used for the coating 7 is no n^IssZ hat TK r k ' S ^ ' ' imitati ° n - Further ' wrth re 9 ard 
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an internal solution while water is used as an external solution and dialysis may be carried out for several hours. It is 
of course possible that the compositions of the internal and external solutions are reversed. Concentration of the protein- 
containing solution is not particularly limited and a saturated concentration for dissolving is sufficient or less than that 
will do as well. 



(Method for co-expression of plural proteins utilizing a cell-free protein synthetic system) 

[0055] The present invention further provides a method for the co-expression of plural proteins utilizing a cell-free 
protein synthetic system. The method for the co-expression of plural proteins according to the present invention is 

10 characterized in that, firstly, each mRNA of the aimed plural proteins is separately subjected to a pre-incubation in a 
reaction solution for a cell-free protein synthesis, then they are mixed and a cell-free protein synthesis is carried out. 
The mRNA used here may be the mRNA which is synthesized by the above-mentioned RNA synthetic method of the 
present invention. Appropriate time for the pre-incubation is from 5 minutes to 12 hours, preferably from 30 minutes 
to 3 hours and, particularly preferably, 3 hours. When the pre-incubation is shorter than 5 minutes, co-expression of 

15 plural proteins is not noted while, when it is longer than 13 hours, partial insolubilization of the product takes place and 
they are not preferred. A cell-free protein synthesis after the pre-incubation may be carried out by means of the con- 
ventional cell-free protein synthetic method but, preferably, it is carried out by the above-mentioned cell-free protein 
synthetic means or a translational/transcriptional non-coupling cell-free protein synthetic means of the present inven- 
tion. The cell extract used for the cell-free protein synthesis may be that derived from Escherichia coli, reticulocyte of 

20 rabbit and wheat germ and, preferably, a wheat germ extract is used. When a wheat germ extract is used, it is preferred 
that the reaction is carried out under the static condition without stirring. In the Examples, co-expression was carried 
out using mRNA of five kinds of proteins and all of the proteins were confirmed to be simultaneously synthesized with 
a good efficiency. 

[0056] The method of co-expression of plural proteins according to the present invention is useful since it can be 
25 used for the analysis of higher-order structure formation mechanism (co-folding) of plural proteins coupled with trans- 
lation, for the preparation of samples for analysis of the relation between function and structure of the protein factor 
complex, for the preparation of samples in order to clarify the relation between gene mutation and cause of diseases, 
for the identification of target protein as medicament, for the preparation of samples for drug design, etc. 
[0057] When the above-mentioned cell-free protein synthetic means, continuous transcriptional/translational non- 
30 coupling cell-free protein synthetic means and co-expression means for plural proteins according to the present inven- 
tion are used, it is now possible to easily and efficiently synthesize the protein derived from living body, particularly 
from mammal, keeping the function which has been difficult to prepare by conventional method for the expression of 
protein using Escherichia coli, insect cells, etc. 

[0058] Further, when the principles mentioned here are combined, it is possible to construct a fully automated cell- 
os free protein synthetic apparatus which is a system starting from many kinds of aimed genes cloned into plasmids to 
prepare the proteins which is a translation product thereof at a time with a high efficiency. 

[0059] Furthermore, when the means of the present invention is used, synthesis, etc. of many kinds of protein ma- 
terials can be carried out efficiently and easily and, therefore, it is now possible to carry out the identification of gene 
function or analysis of function and structure of translation product, the analysis of the relation between gene polymor- 
40 phism and gene function, the construction of screening method for gene function, the screening as well as the identi- 
fication of target protein for reagents for clinical tests and therapeutic pharmaceuticals, the investigation of molecular 
design and efficacy of medicament using target protein. 



[0060] Hereinafter, the present invention will be illustrated by taking the synthesis of dhf r protein in a cell-free protein 
synthetic system utilizing a wheat germ extract as an example. However, the following examples should be considered 
as an aid for noting the specific examples of the present invention and the coverage of the present invention is never 
limited by the following examples. 

50 

[Example 1] 

(Construction of 5'-terminal and 3'-terminal structures of mRNA having a high translation efficiency and structure of 
plasmid containing the said terminal structures) 



[0061] dhfr Gene of Escherichia coli (Endo, Y., et a!., (1 992) J. Biotech., 25, 221 -230) was cloned by a conventional 
method into plasmid pPSP65 connected to SP6 promoter region to construct various plasmids where 5'-terminal and 
3'-terminal non-translational sequence coding sites were modified (Table 1 and Table 3). "-dhfr-3'UTR" in upper line, 
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"^^iz^^^z^ ^sxssr 1 " ? bases) derived from - r ~» - 

sequence were synthesized using those p asmid MDNA the orZf, f^"*" 9 mRNA ' S h3Ving no "-*anslational 
by cieaving and opening with a restrSon en^e H^d Tm Ts E^^" *~ Prepared 

them was measured and the result is shown in Table 1 mRNA V»T£lT tlBnslat,onal tem P |ate activity of each of 
described in SEQ ID NO: 1 , SEQ ID NO- 2 or SEQ in No 3 oM h T ° NA Where the base se « uence 

sequence-2 or sequence-3 in Table 2) was induced into 5 ^It'T^"" 9 to sequence-1 , 

phates [NTP; ATP, GTP, uridine-S'-triphosphate fUTP> , ZSnl « , 1 1°' 8aCh of nuc| eoside-5'-triphos- 

units/m.), plasmid DNA (50 M g/ ml) ^W^S^^^fS^ ^ ribonuclea - "nhMor (1,000 
having a CAP structure at 5'-termina,, 5 mM of TrnG^Zf^ !" the Synthes,S 0f RNA 

to synthesize mRNA and. after extracts with nh onn i^ . solution}} was kept at 37°C for 2 hours 

if necessary, by treating wrth a DNas^The IcSt t P ™ ,pAaX,n ° with ethan °'. the template DNA was digested 
four kinds 5 NTP remLn ^Sct!^ 10 mM Hepes-KOH (pH 7.6) an'd 

of a gel filtration column. mRNA was quantified by an ultravilt ^ '° n W ° re r6m ° Ved b * means 

[0064] The translations template activi tv o the RNA !lT ^sorption method (45 R g/| OD unit), 
synthetic system utilizing a wheat geTe^ac in a ZTZe^nlT T ^ 8 Ce "- free pr ° tein 
wheat germ extract was carried oJ according "oTe aSdv ' r^^^T^T^ Pr ° tem Synthesis utilizin 9 a 
221 -230), (Proc. Natl. Acad. Sci. USA (20S 97 559 sSTZ SrTnoLT Y * aL ' (1 " 2 >' J " Biotech - 

was carried out by a method where S^^l^SSt^^T" 8 - I*™"' ° f Wheat germ 

scope instead of a floatation method using 7 " ^ " ^ 3 miCro " 

state of wheat germ used as a standard fo -SSSSi 'ZStZZZTF* Rg ' 1 Shows the 

while germs having small injury in white color and aeST, in h! 9 Sh ° Wn ' n Rg 1 (B) were Principally collected 

Even by such a method, it is Zi.l l^SSt P^^^Z^i^^ h Fi 9' 1 ^ were discarded, 

and, in addition, there is no need for using K^JSJTJS? T? * ^ a ° m * 

[0065] To be specific, wheat germs used a eel freT™ IT T. cyclohexane carbon tetrachloride, 
of Johnston, et al. (Johnston, F.B.Tta^ by a modified method 

produced in Hokkaido were addedto a mill (Ro or Speec Si pLIVIn T < non - disintect ^) of chihoku wheat 
of 1 00 g per minute and was mildly crushed un^ manufactured by Fritsch) at the rate 

and sieved to give crude germ fraction (mesh size- 0 71 mm to OO mlS " T* Cn " hed 3gain at 6 ' 000 ^ 

-to 1 (0.71 mm to 0.85 mm), medium particles (0.85 

charged substance and, fina.ly, classification l^ZZT^Z^ l^ TT " e,6ctrosta **% 
fraction showed the highest protein synthetic actMtv iinht rf a ^ a |t ,SCt ye " ow germs - Smal ' Pa^cle 

of the slight* injured Us'resu^ 

floating. Then, in order to remove the components of wheat n^ ^w ? Proceeded during the operation of 

p.aced in gauze, washed with cold distS ^dZT^ToZT^ the Wheat germs were 

was a nonionic surface-active agent and reSted,v washed 9 ' T^"^ 3 ° 5% solution of Np -40 which 
did not show turbidity. After conducting me Sonic nil 9 WaShing machine until the wa *hing 

germs were collected by filtration an^ra Jon Z 2 " PreSe " ce of distilled »• wheat 
the wheat germs purified as such, endogenou^ ^prote.n ^svnftLl^h^ *f Shm9 With C °' d diSt, " ed water ( DDW >- ,n 
contaminating in the wheat germ were substantlallv elTn ct 9 faCt ° r " tritine ' thionine ' "bonuclease, etc. 

[0067] Method for the preparatton of a ^S^^T" 11 n ° COntamination endosperm components. 
(Erickson, A. H. et a.., (1996) We^sT^?^ 38 50^^ aCC ° rdanCe Conventi - a ' ^thod 

Purified wheat germ frozen in liquid nitrogen^nished ft a l^^TT^ ^ Camed ° Ut at 4 ° C " 
modification of a method of Patterson, et al. (contain^ 80 m M o HE^ES koh TT* ^ W3S 3 P3rtial 

2 mM of magnesium acetate, 4 mM of calc urn chTorid^ 8 mM I oFSn! tn I P ^ 2 °° mM ° f P otassiu m acetate, 
acids and each 1 jxM of PUT, E-64 and PMSF whtef' iltel^iT^ T*' ^ °* mM ° f 20 kinds of L - amin ° 
the resulting powder followed by stininq careful s,^ ^ ™ t } W3S 3dded in 3n amount of 1 ml to 1 g of 

centrifugationat30,000gfor15mS ^ f03ms - The s "P-"atant obtained after 

of Sephadex G-25 (Coarse) which was previo^ 

mM o, potassium acetate, 5 mM of magnesium Mj«rSE!2!S2 
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adjusted to 1 70-250 A 260 nm (A260/A280 = 1 .5). 

[0068] Conditions for the synthesis of dhf r protein were as follows. The reaction solution contains 24% by volume of 
wheat germ extract (concentration: 200A260nm units/ml), 1 ,000 units/ml of ribonuclease inhibitor (RNAsin), 30 mM of 
Hepes-KOH, pH 7.6, 95 mM of potassium acetate, 2.65 mM of magnesium acetate, 2.85 mM of dithiothreitol, 0.5 mg/ 

5 ml of creatine kinase, 1.2 mM of ATP, 0.25 mM of GTP, 16 mM of creatine phosphate, 0.380 mM of spermidine, 20 
kinds of L-amino acids (0.3 mM each), 0.05% NP-40, 2 u.Ci (per ml of reaction volume) of [U- 14 C]leucine (166 mCi/ 
mmol) and 0.2 p.M of mRNA. The reaction was carried out under a static condition at 26°C and the protein synthetic 
activity was expressed in terms of the ratio (%) to the case where the radioactivity (2821 dpm/5 uJ) of [U- 14 C]leucine 
incorporated in a dhf r protein using dhfr mRNA (being transcribed from a straight-chain type plasmid having 1 1 67 base 

10 numbers; shown as * in Table 1) into which a CAP structure (7mGpppG) was introduced as a template at 5' -terminal 
was defined as 100%. 
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Table 1 



-dhfr-3'UTR: 



-dhfr- 



5',3-Non-translational Base 
1 Sequence 


Straight-chain Type Plasmid 
Template 


Circular Type Plasmid j 
Template 


+Cap 


-Cap 


+Cap _CaD I 




31 


13 


38 


16 | 


<fhfr-POLY(A)inn 


40 


18 


50 


17 j 


-dhfr-3'UTR 


77 


28 


80 


25 1 


-dhfr-3'UTR- POLY(A)ioo 


84 


33 


95 


41 j 


j AMV-dhfr-3'UTR 


92 


43 


100 


46 ] 


AMV-dhfr-3 , UTR-POLY(A), 00 ] 


100* 


52 


112 


51 j 


Q-dhfr-3'UTR- POLY(A)ioo | 


103 


51 


114 


82 | 


AMV-Q-dhfr-3'UTR- POLY(A) 100 


110 


77 


130 


100 J 


| fi-AMV-dhfr-3-UTR- POLY(A)i M 


108 


64 


117 


84 1 



Endo, Y, et a!., (1992) J. Biotechnol., 25, 221-230, 
36(5'-). 539 including non-translational sequence of (3' UTR) 
Endo, Y, et al., (1992) J. Biotechnol., 25, 221-230, 
36(5'-). 26 including non-translational sequence of (3*-) 
AMV (AMV 5'-Non-translational Base Sequence): 

UUUUUAUUUUUAAUUUUCUUUCAAAUACUUCCAUCA 
O (Q 5'-Non-translational Base Sequence) 

UAUUUUUACAACAAUUACCAACAACAACAAACMCAAACAACATTACAATT 
ACTATTTACAATTACA 
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Table 2 



10 



15 



20 



TMV Q Sequence (75 nucleotides) 

S'-pppGAAGUAUUUUUACAACAAUUACCAACAACAACAACAAA 

CAACAACAACAUUACAUUUUACAUUCUACAACUACAAUG 
Sequence-1 (34 nucleotides) 

5'-pppGAACAAUUACCAUACAUUUUACAUUACAACUACAAUG 
Sequence-2 (29 nucleotides) 

S'-pppGAACAACAACAACAACAAACAACAACAAAAUG 
Sequence-3 (15 nucleotides) 

5-pppGGACAACAACAACAAAUG 



25 



30 



35 



40 



45 



50 



55 



[0069] The underlined AUG shows a translation initiation codon. 

Table 3 



5'-UTR Structure 


mRNA Concentration 


Protein Synthetic Activity (dpm/5p.l) (%) 


(HM) 


1 hour 


2 hours 


3 hours 


TMVQ Sequence 


1.80 


1,569(100) 


2,288(100) 


2,615(100) 


Sequence-1 


1.80 


1,113(71) 


1 ,967(86) 


2,301(88) 


Sequence-2 


1.80 


1 ,036(66) 


1 ,785(78) 


2,170(83) 


Sequence-3 


1.80 


596(38) 


1 ,235(54) 


1,412(54) 


TMV12 Sequence 


0.225 


503(100) 


645(100) 


748(100) 


Sequence-1 


0.225 


352(70) 


503(78) 


695(93) 


Sequence-2 


0.225 


331(66) 


529(82) 


613(82) 


Sequence-3 


0.225 


206(41) 


348(54) 


426(57) 



[0070] Base sequence of 3'-UTR of mRNA comprises the 539 bases described in Table 1 (Endo, Y. et at. (1992) J. 
Biotech., 25, 221-230). 

[0071] As will be apparent from the experimental results shown in Table 1 , the AMV-Q sequence in which, as a 5'- 
terminal non-translational sequence, 5'-terminal leader structure (AMV leader sequence) of alfalfa mosaic virus mRNA 
(AM V-mRNA) is linked in series to a 5'-terminal Q sequence of tobacco mosaic virus mRNA (TMV-mRNA) showed the 
highest translational template activity. However, even in mRNA having an Q-AMV sequence at the 5'-terminal, a sig- 
nificantly high translational template activity is maintained. It is noted on the other hand that, in any mRNA that where 
CAP is linked to 5'-terminal maintains nearly the same activity. 

[0072] Table 3 shows the translational template activity in a batch reaction system of dhfr mRNA's having three kinds 
of 5'-UTR structures shown by the base sequences described in SEQ ID NO: 1 , SEQ ID NO: 2 or SEQ ID NO: 3 of the 
Sequence Listing and any of them maintained a translational template activity which is as good as that having an £2 
sequence. 

[0073] A terminal polyadenylic acids addition in a 3'-terminal non-translational sequence is effective for potentiating 
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the translational template activity but, with reqard to the chain lenmh »u 

and 100. In addition, the most noteworthy resu : is that thl lil 5 a * ed '.* ere was no difference among 60, 80 
sequence coded to the present dZwTLT ♦ the mRNA linked with RNA chain transcribed from a base 

typ^lasmidasatlmp^eT^^^^^ 
; the mRNA produced by the modified means \T 9 translat.on activity. Translation efficiency of 

translation efficiency o/the nZ^^ CAP, was as good asL 

SmZr^^^ to obtain mRNA having a high transanal 

SEQ ID NO: 1 , SEQ ID NO- 2 or SEQ ID NoTo thpl ! r' ♦ sequence, a base sequence described in 

> together in series to the S'-termin*. ZZ^^ZZ^^T*. GtC is ,inked or °' "™> thereof are linked 
ny«c acids is linlcedto the 3'-teTna On ^2^1^^! ^ ato ^ h WAw ^ nh 8^<»- 
exclusively for the template molecule syntheS for a ST,»! T PrSpared pEU1 (Fi * 2 > which is a P |as ™<* 

lationa. template function ^7^^^ P " Synth6SiS W " h 8 high,y efficient tran - 

[0075] pEU1 is a plasmid in which plasmid pPAP65 is used as a substrate an n a h= 

polymerase will bind, such as SP6 promoter or T7 nmrZtlrl, t H [ base set l u ence to which RNA 

template of AMV-Q sequence hav^g ^SS^lGSS t . f 3 base se " uence a <*"9 as a transcriptional 
downstream and, further, plural S^T^JKr °' mRNA iS inSSrted t0 * s 

sequence containing poly(A) coding seaue^nceTreTn^ ITh t J 9 med 96ne and 3 '- termina ' non-translational 
a plasmid into which a base tZue^^n^lT downstream thereof. Moreover, there was prepared 

NO: 1 , SEQ ID NO: 2 or SEQ S Na 3 of the SauenceTI' °' 3 S6qUenCe deSCribed «" SEQ ID 
[0076, Thestraight-chain^ep^^ 

introduced into the downstream of the poly (A) sequence of Z I ^IT , ■! reStr,Ct,0n en2yme site (Hind III site) 
dentally, the number of 3'-terminal polyadenvHc acS ^h,°2 ^ P om A P ^ ' S C ' eaVed by Hind «' < Fi 9- 2). Inci- 
(A)1 00) and the mRNA .engtSscribefuS atfraS ch a I >l T f °" 0Win9 EX3mp ' eS is 1 00 

bases) . The mRNA transcribed using a ci3 ^ ofasmH h ^ "ST" 1 38 3 temP ' ate ' S 1 3 K base ,0ng < 1 > 280 
mixture of molecules having the cS tengThs of 2? i ??*^!*? T^" 38 3 tern P late was a 

having a CAP structure, the r^translationaUempla^ acti^'of mRNA t T ^ IRb ' 3(B)l Eve " in A ^-n-mRNA 
is high (Tab,e 1) and that shows the lonSrSS~ RNAis linKed to the 3,termina, 

[Example 2] 

(Stabilizing means for mRNA by introduction of a .ong-chain terminal non-translational sequence) 

SnJ S istrduced a t?the ^TjT^T 'TT'* * ™ M " ^ «™* ^ a ^ 
cause, mRNA labeied with P^Tadded to a t^ZZZ^TT* " ^ ^ * ^ *• 
using its radioactivity as an ndex stability of mRNA inT- 1 7 t V ySt6m USmg 3 Wheat germ extract an «. 

the downstream of aVtermina. S>ES£3^ T ° b * ™ e ^ * 

mRNA to which a long-chain RNA was linked havinn a ^ °' mRNA hav,n 9 an AMV ' n sequence at 5'-terminal. the 
in a cell-free protein synthetic reaS'u Sng^ 

With regard to a transcriptional template a straiahi rhJ^T ! t temp,3te molecule s was investigated, 

plasmid was usedand, i the presence of tS^wZTlvT? t™** "' ° r3n ""^d circular type 
were carried out by the same method as n Exam^' 7rl ? k ? » ' C3t, ° n ° f mRNA With ° r Without CAP structur e 
synthetic reaction was caX!£ZZ£Z metZlscriSL p "JT ^ RM) W3S US6d and a cel, - free P^in 
was extracted by a phenol m^JtoFEtfl^Z*^ !' M ° Md * thG Stabi,ity of mRNA - RNA 
with ethanol, then separated by gel ele^rophorei us ,nn fil mmUte(S) * th6 re3Cti ° n 3 " d purified by Precipitating 
Photo-Film) was carried out A molecS size m^f 9 t, 393 ' 086 3 " d 3 " autora diography using BAS 2000 (Fuji 

using straight-type plasmid as zT^lZaTZlZ obZJTb T^- haV ' n9 3 ° AP StmCtUre SyntheSiZ6d by 
constructed by introducing SP6 or T7 pmmorsere^l t° th by c,eav,n 9 wrt " Hind I.I of each plasmid that is 
the same gel Promoter sequence to the promoter region were subjected to electrophoresis on 

the^erm^ SSSSj SSSTJS IZZl? ST* - ^ *" '° n9 - Ch3in RNA ^ 
protein synthetic system. As wH be apparent from S.T T Stabilization of m RNA molecule in a cell-free 

at the 5--terminal, both mRNA "pecS ^S^S^!^ ^T- ™™ A M ° WhiCh ° AP StrUcture is introd ^ 
type plasmid [Fig. 3(B)] are relSveTh uZ^Z^^PZ*"^ ^ P,38mid [F ' 9 - 3(A)J and from a circula ^ 

- Plasmid , mRNA ha :-TrKn h :Kr rrs^^sr^ 



18 



EP 1 221 481 A1 



shows clearly higher stability than the mRNA having a 1 .3 K base long and the stability of the molecules of 7.4 K and 
10.4 K base long is as good as the stability of the mRNA having a CAP structure. Thus, one of the principles of the 
present invention that a long-chain RNA is introduced into a downstream of 3'-terminal non-translational sequence of 
mRNA has been proved to contribute in an increase of a template activity of mRNA caused by stability of mRNA. 

5 [0079] In addition, the reason why the mRNA having the 5'AMV-ft-dhfr-long-chain 3'-terminal non-translational se- 
quence structure has a high translation efficiency is that, during the translation reaction, mRNA having a CAP structure 
produces degraded product by its degradation which strongly inhibits the translation initiation reaction while, in the 
mRNA of the present invention, no degraded product inhibiting the translation is produced. The non-translational se- 
quence of RNA linked to the 3'-terminal of mRNA is not a particularly selected base sequence and, therefore, it has 

10 been clarified that the effect of promoting the translation efficiency of mRNA is not due to its base sequence itself but 
is due to a long chain of RNA linked to the 3'-terminal. The design principle of mRNA having such a high template 
activity can be applied for promoting the efficiency of the template activity of other mRNA species. As will be noted 
from the drawing shown as a molecular weight marker in Fig. 3(B) (drawing of the left side), this plasmid is able to 
synthesize the mRNA in the same manner either by the use of T7 promoter and T7 polymerase or by the use of 

15 polymerase and promoter of SP6 type. Fig. 2 shows a structure of plasmid for mRNA transcription having a high 
translational template activity for a cell-free protein synthesis and it is now possible to easily prepare mRNA having a 
high translational template activity without an operation of cleaving of DNA using a restriction enzyme when an aimed 
gene is introduced into this plasmid at any restriction enzyme site, the plasmid is amplified in the cells of Escherichia 
coll or the like and the plasmid prepared from the cells is used as a template. 

20 

[Example 3] 

(Development of simple mass production and purifying technique of mRNA) 

25 [0080] A microspin column (YM-1 0 manufactured by Amicon) where the bottom of the container was a dialysis filter 
was utilized and, as a transcriptional template, there was used a straight-chain type DNA where plasmid for dhfr mRNA 
synthesis in which AMV-12 sequence was linked to a 5'-terminal while poly (A) 100 and 3'UTR derived from dhfr gene 
of Escherichia coli were linked to a 3'-terminal was cleaved with a restriction enzyme. Composition and reaction tem- 
perature of the RNA synthetic reaction solution are the same as those in Example 1 . 

30 [0081] A reaction solution (200 uJ) was transferred to a reaction vessel washed with water and then the reaction was 
carried out by the conventional batch system [Fig. 4(A)] or, with dialyzing the reaction solution in the said reaction 
vessel to 2 ml of a transcription solution containing neither DNA nor RNA polymerase [Fig. 4(B)] or, with dialyzing in 
a similar manner using a reaction vessel which was coated with 10 mg/ml of bovine serum albumin after washing with 
water [Fig. 4(C)]. 

35 [0082] As shown in the lower drawing of Fig. 4, in the conventional batch type reaction [Fig. 4(A)], the reaction almost 
ceased within two hours and 0.23 mg of mRNA was synthesized per ml of the reaction volume. This yield was as same 
as that in the case of using a common test tube as a reaction vessel. On the other hand, in the dialyzing methods, the 
synthetic reaction continued for a long period and, after 8 hours, the yield increased up to 0.8 mg per ml of the reaction 
volume. However, as will be apparent from the electrophoretic drawing (upper drawing in Fig. 4), it was noted that 

40 degradation of mRNA took place together with elapse of time [Fig. 4(B)]. On the other hand, when a transcription was 
carried out with dialyzing using YM-10 which was coated with bovine serum albumin, the reaction proceeded at least 
for 16 hours and 1 .8 mg of mRNA were able to be synthesized. This protein coating method is effective in increasing 
the transcription efficiency and in preventing the degradation of mRNA [Fig. 4(C)]. 

[0083] Although it is possible that purification of the synthesized mRNA is carried out by a conventional method of 
45 removal of protein using phenol and by precipitation of mRNA from an aqueous layer using ethyl alcohol or the like, it 
is also possible to carry out that simply by the following method. 

[0084] Thus, the container (microspin column) itself is centrifuged after completion of the reaction, whereby low- 
molecular substances in the solution such as substrates (e.g, nucleoside triphosphate and CAP) and by-products (e. 
g M pyrophosphoric acid, ion and buffer) are removed by passing through the filter pores and the high-molecular sub- 
50 stances such as the synthesized mRNA remained on the filter. When water is added to the container and the operation 
is repeated for several times, the synthesized mRNA is collected on the filter whereby it is now possible to remove 
low-molecular protein synthesis inhibitors such as pyrophosphoric acid from the fraction containing the synthesized 
mRNA. 

[0085] Although it is also possible to synthesize protein by adding a filter on which mRNA is collected as it is to a 
55 cell-free protein synthetic system, mRNA may be further recovered as an aqueous solution from the filter to use. The 
present method is similarly applicable to the mRNA synthesis having a CAP structure as well. 
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[Example 4] 



(Synthetic method for mRNA having a high trans.ationa. template activity using a circular type plasm* as a temp.ate) 

l ™i^z^T:zT a ? t 2iTnonZ: f ; cien ? y of dhfr mRNA where 3 m ^ <* ^ - ° 

adenylic acids JJmiETiE£ ?toT?tS£S!^ ^p 8 " 09 ^ non - translational ««l«»nce and poly- 
was added and mRNA was recovered from a filter as an aqueous sZT ' aPPr ° Pnate ^ ° f W3,6r 

shows the mRNA concentrahon n the 2^^£r ''Tr 9 ?* * " 2660 Wh " ethe abscissa 

type plasmid, wherein a long chai RNA TmkeToL^ ^JT" I" 31 mRNA transcribed fram a circu '^ 

K, 7.4 K and 10.4 K bases shown in Fio 3fmi S Jf nf«^ ^ ^ ° f mRNA " S h3Ving Chain ,en 9 ths of 2 7 

of mRNA in about twice as much than 5^^2^2l£ * T**"* 3t 3 06 » M ^"tration 

was 87% of mRNA (•-•) having a CAP strurtur^showinn ^ ^ am P'^mid. The translation activity at that time 
structure of AMV and fl sequence was S in series to ^ ^ mRNA WhGr6 3 COmbined 

long-chain RN A containing pVSnySacids wi tinked ll ^ZZrTTL^ and ' ^ * 

It was also proved that such mRNA cm hatlSw n»? 1 ! 3 - terminal showed a high translational template activity, 
where a circular type P-im^^^ °< ^* ^ P"— " «*0 ««£ 

antagonistic inhibitor effect due to a compete btadS^tl^S. r ?T J*™ 3 * ° AP StrUCtUre iS CaUSed b * an 
to the factor for protein synthesis JSZSSS^ r^^^^S^n^^^ ° AP ™ ,eCUle 
from circular type plasmid where a lona-chain rnia i.ihi^J:J. T. mg no CAP structur e transcribed 

and, therefore^range o7th?oS "T* * " 0SUCh an anta 9 0nistic inhibition 

setting of the condition for the protein TynS reactto TlZ th » ^ SySt6m is far broad and 

to retain a high efficiency as a trans atfonal SmZ k V J ' * S6emS that the mRNA shown here ach ^ves 

having a higg transit m~^TnZ^2^ StSES "T^ 0 " 3 ' ~" l "~ 
cleaving with a restriction enzyme is not carried o.it in t,^ =. ! -terminal partic.pating in stability. Further, 

therefore, it is unrelated to the present oT the TZ T tran ^ r, P t,on meth °<* ^"9 a circular type plasmid and. 
translation base sequence (O^^ be,n9 reco 9nteed by the restriction enzyme in the 

length molecule having a hi h 2l£ emcienT " ***** ^ * ^ * be aS a fU "- 



[Example 5] 



using mRNA m.liular spS'avl^ s^v Q 1.^ i"*'" 9 " *" ySis "" mb " ,n <> camed °"' 

and r ^ PlasmMS as jss" ; ss^zss^^rr** *• 

rated by means of an SDS-gel electrophoresis stainino with PnnrJe!i~ 2, ' fter the protein was se P a - 

at the initiation of the reaction only Z conSnt n ton wafp mT ^ tk C3rried OUt Each mRNA was added 

as^==~S 

while a star thereon shows JSS^ ^ ^ ^ ^ is a tra -' a «<>n product 

[0090, As will be apparent from Fig. 6, it » noted from the stained intensity of the dhfr protein which is a translation 
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product that, in a cell-free protein synthetic system using mRNA transcribed from a circular type plasmid, the translation 
reaction continues for longer than 40 hours [Fig. 6(A)] while, in the case of mRNA synthesized from a straight-chain 
type plasmid, the reaction stops within 10 hours from the initiation of the reaction [Fig. 6(B)]. When amount of the 
synthesized dhfr protein was quantified by densitometry using the intensity of stained band analyzed by SDS-PAGE 

5 in the same manner by adding the known amount of dhfr protein to the unreacted cell-free protein synthetic solution 
as a standard, it was found that the mRNA synthesized using the circular type plasmid showed nearly the same high 
yield as in the case where the template used was AM V-Q-dhfr-3' -terminal poly(A)1 00-linked dhfr mRNA having a CAP 
structure at S'-terminal. On the other hand, the translational template activity of mRNA transcribed from a straight-chain 
plasmid was one-half or even less of the efficiency of the circular type one. Thus, a long-chain dhfr mRNA (synthesized 

10 using a circular type plasmid as a template) transcribed from a circular type plasmid where AMV-Q sequence was 
linked to the S'-terminal and poly (A) 1 00 was linked to the 3* -terminal maintained a stable and high template activity 
even in a continuous cell-free protein synthetic system whereby its efficacy has now been confirmed. 
[0091] The fact that the mRNA transcribed from a circular type plasmid showed better efficiency as a translational 
template than the mRNA synthesized from a straight-chain type plasmid does not only show such a thing but also 

15 shows other better usefulness. Thus, when a straight-chain type plasmid is used as a transcriptional template as in 
the conventional case, plasmid is cleaved at the restriction enzyme site which is at the 3' downstream of the inserted 
gene prior to the transcription reaction and, in that case, it is necessary to confirm that the restriction enzyme recognizing 
structure is absent in the translated base sequence (ORF) of the aimed gene and, if that is present, it is necessary to 
construct a plasmid having another restriction enzyme site at the 3' downstream. 

20 [0092] However, even when a restriction enzyme recognizing 6 bases is used, the calculation teaches that the same 
base sequence as the restriction enzyme site appears in a frequency of every 4096 bases and, therefore, a straight- 
chain type plasmid is unable to be utilized for the cloning of many kinds of genes for transcription. For example, in 
about 100,000 types of gene in human being, the calculation teaches that about 20,000—30,000 base sequences 
which are identical with restriction enzyme sites are present in ORF when average nucleotide numbers in the gene 

25 are assumed to be 1200 and, therefore, in view of the nature of the restriction enzyme which has been known at 
present, it is principally impossible to construct a straight-chain plasmid for the transcription of mRNA. 
[0093] In the circular type plasmid shown here, it is not necessary to cleave the plasmid using a restriction enzyme 
prior to the transcription reaction if cloning is carried out to a plasmid for the synthesis of novel cell-free protein synthesis 
(a cassette plasmid by which an addition of AMV-Q sequence and poly(A)100 to the 5'-terminal and the S'-terminal of 

30 mRNA, respectively is possible) and, therefore, transcription of mRNA from all aimed genes using one kind of cassette 
plasmid is possible. In other words, it is now possible to synthesize a protein encoded by such genes in a ceil-free 
protein synthetic system. 



(Continuous cell-free protein synthetic method utilizing the mRNA collected on the filter as it is) 

[0094] mRNA was synthesized by a simple method for mass production and purification of mRNA as described in 
Example 3, then extraction with phenol was not carried out but the reaction vessel was centrifuged whereupon the 

40 purified mRNA collected on the filter was taken out from a spin column together with the filter, the filter was poured 
into an inner area of dialysis membrane filled with a protein synthetic reaction solution and a continuous cell-free protein 
synthesis was carried out. The filter collecting the mRNA was added only at the initiation of the reaction. Concentration 
of mRNA calculated from the amount of mRNA on the filter and from the reaction volume was about 2 u,M. 
[0095] As shown in Fig. 6(C), it has been found that a continuous cell-free protein synthetic system to which a filter 

45 collecting the dhfr mRNA where AM V-Q sequence is linked to the 5' -terminal and poly(A)1 00 is linked to the 3'-terminal 
transcribed from the circular type plasmid achieves a stable protein synthetic ability for a long period and maintains 
the highest translational template activity. It has been also confirmed that mRNA can be preserved for a long period 
in a state of being collected on the filter. 

so [Example 7] 

(A united system for a continuous RNA synthesis and a continuous cell-free protein synthesis - a continuous 
transcriptional/translational non-coupling cell-free protein synthetic method utilizing a dialysis membrane -) 

55 [0096] A circular type plasmid for the synthesis of a long-chain dhfr mRNA where a base sequence described in 
SEQ ID NO: 1 of the Sequence Listing was linked to the S'-terminal and poly(A)100 was linked to the 3'-terminal was 
added to a transcription reaction solution (refer to Example 1) and was subjected to a preliminary incubation at 30°C 
for 5 minutes. Its object is to make the succeeding transcription reaction by RNA polymerase efficient. After the pre- 



[Example 6] 



35 
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— ^^^^^^ <-< » — .) «e re 

tl» translation reaction solution were mixed toVSTS s S£ !,u™^T£ 1 " an!on( "'°" reac »»" «**» and 

S~s~^ 

the solution in the inner area of dialysis membrane channl! t^T ♦ ' " 6 " the SOlUt,on WWon of 

an automatic synthetic of protein from many kinds of genes fe poSe P synthet.c apparatus by which 



[Example 8] 



ss, .ssx sa^^s^^s^ m t pro,ein symBe *= ■«-" • 



[Example 9] 

(Production of osteopontin) 



purified by afflnity chromatography using a glutathione eoLn ater fcS*SZi^ ," aS < "* S " V 
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of about 69,000 andcDNAof rat was cloned in 1985. Masato Nose (Faculty of Medicine, Ehime University), et al. have 
found that gene locus encoding this substance is a candidate gene for glomerular nephritis. In order to investigate the 
relation between gene polymorphism of OPN (MoL Immunol. (1995) 32, 447-448) and onset of glomerular nephritis, 
OPN gene derived from MRL/lpr mouse (having defective mutation gene of Fas, Ipr) which is a model mouse for 

5 collagen disease and causes glomerular nephritis and OPN gene derived from C3H/lpr mouse which is a normal control 
are prepared from a cDNA library prepared from splenocytes of each mouse and then pET-GST-C3H and 
pEU-GST-MRL as shown in Fig. 9(A) and Fig. 9(B) were designed and constructed in a similar manner to Example 2 
by a conventional method. Any of them has a structure having a transcription promoter (Pro) for SP6 polymerase, a 
base sequence which is to be a transcriptional template for AMV-S2 sequence as S'-UTR, GST-OPN as ORF and a 

10 polyA(100) coding sequence at 3'-terminal. In the drawings, PreScission™ is a protease cleaving site manufactured 
by Pharmacia. Molecular weight of C3H type OPN (OPN/C3H) of matured type is 31,118 daltons while that of MRL 
type OPN (OPN/MRL) of a matured type is 30,987 daltons. With regard to the molecular weight of designed fused 
proteins, the former is 57,746 daltons (GST-O PN/C3H) and the latter is 57,553 daltons (GST-OPN/MRL). 

15 (Synthesis of GST-OPN by a batch type cell-free protein synthetic system) 

[0101] mRNA was transcribed and synthesized using the above-constructed circular type plasmid as a template, the 
said mRNA was purified and, using it as a translational template, synthesis of a fused type OPN with GST was carried 
out under a static condition using a wheat germ extract similar to that of Example 1 in a batch system in a similar 

20 manner to Example 3. The said mRNA was added in an amount of 4 jig per 25 u.l of the reaction solution for the protein 
synthesis. As same as in Example 1 , synthesized amount of protein is expressed as an incorporated amount of radi- 
oactivity to a trichloroacetic acid fraction in Fig. 10 where a coordinate shows the incorporated amount per 5 uJ of the 
reaction solution in terms of dpm values. Both fused proteins derived from MRL/lpr and from C3H/lpr were synthesized 
almost linearly until 2 hours. Incidentally, dhfr is a control experiment for confirming that the reaction system normally 

25 functions. 

(Autoradiography of a synthesized fused OPN) 

[0102] In Fig. 1 1 , molecular weight of a fused protein up to 2 hours synthesized hereinabove is confirmed and it has 
30 been confirmed that the resulting protein is a designed protein. The bigger mobility of GST-OPN/C3H than GST-OPN/ 
MRL reflects the steric structures in the presence of SDS caused by the difference (polymorphism) of the amino acid 
sequences of both. 

(Preparation of OPN/C3H and OPN/MRL) 

35 

[0103] Fig. 12 is a result where the mass synthesis by a dialytic method (refer to Example 3) in which transcription 
from mRNA and translational synthesis of protein were continuously carried out was investigated by an SDS-polyacr- 
ylamide gel electrophoresis. From a stained pattern with Coomassie Brilliant Blue (CBB), synthesis of GST-OPN/C3H 
(lane T) and that of GST-OPN/MRL (lane T) were able to be confirmed and the former was 1 .2 mg while the latter was 
40 1.4 mg per ml reaction volume. Each OPN was purified using a kit manufactured by Pharmacia whereupon it was 
confirmed from the analytical result that fused proteins (each lane E) and OPN/C3H as well as OPN/MRL (each lane 
D) showed the molecular weights as designed. Although not shown in the drawing, it was also possible that HIS-OPN/ 
C3H and HIS-OPN/MRL synthesized as fused proteins using histidine oligomer (HIS-tag) instead of GST as a tag for 
purification were purified to an extent of high purity using a nickel affinity chromatography using nickel as a ligand. 

45 

(Bioassay using synthesized OPN) 

[0104] Splenocytes were collected from MRL/+ mouse and C3H/+ mouse of eight weeks age and were suspended 
in an RPM1 1 640 medium. To this was added each of the above-synthesized OPN to give 1 0 ng/ml and a short incubation 

50 was carried out for 24 hours or 48 hours. mRNA was extracted from the cells after incubation and an RT-PCR was 
carried out using a primer which was specific to each of lgG3, IL-2 and IL-10 whereby the expression thereof was 
quantitatively analyzed. The result was that the synthesized OPN of an MRL type (OPN/MRL) induced the production 
of lgG2a and lgG3 in splenetic cells and the effect was higherthan the OPN of the C3H type (OPN/C3H). That suggested 
the difference in structural protein and function thereof due to polymorphism of OPN structural gene has a possibility 

55 of participating in the onset of glomerular nephritis in MRL/lpr mouse via a promotion of antibody production. It has 
been also confirmed that, according to the cell-free protein synthetic system of the present invention, protein which 
maintains a function and is able to function in vivo can be synthesized by gene derived from mammals. As a result, it 
has been found that the cell-free protein synthetic system utilizing a wheat germ is able to be used as a means for 
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testing the relation between gene polymorphism and diseases in a tevel of gene-protein expression. 
[Example 10] 

(Co-expression of plural proteins) 

(LUC, 61 kDa) GST - 0Ste °P° nt 'n f^ed protein (G-OPN, 67 kDa) and luciferase 

as 5- ljtr orp ,w*Ji * M T * sequence which is to be a transcriptional template for AMV-Q seauene^ 

thetic system (refer to sTamp^ 1 S 5 WnaTwn 6 ^ f ^ Separate,y t0 3 dialyzi "9 ce,, " free 

hours under a static ^^J^^^^^T T " V"** W3S Carried out for 120 

stained result of the p'te ^^^SSSi^7S7 Y' 9 ' ^ " eXpreSSed by the 

thesized in a high yield when synthesized s^T However when «ve S^ZS^ ^ OT ^ *" Syn " 

reason therefor was presum^T^^ * ^ ^(A,,. The 

=t=~ 

from a band of an endogenous protein of wheal %Z T* SD8 ^ 1 ^^ 8- - and is not separated 
[Example 11] 

(Continuous celHree protein eynthesis by , dMysfe melhoa , ^ gemi 

the pute wheat gem, was placed (n a dlepVdLlJaer s£t£j£rC» S ,f j*' f 30 '' 0,8 reactl °" s ° lu,i °" « 
was carried out under a statio condition at 2tw l„ 1 Hi.f^ . k ' v ° lume: 0 5 ml > and ,ne rea «'on 

o.,nex,, m a,s.,d,ioo,o,dXisXMo.HEP^ 

-noe^r'^ 

w^r^r^^^^ 

synthesized as a synthesfzec I orote.n Fta Sa 1« „ V (B Sh ° W th& e,ectro P ho ^tic graphs when GFP was 

the case where stirT wa ^done using as'tirre a ^ *"™ g WMe "* 14 < B > was 

amount as shown by the concentration oHhe bf n ^ i„T , 1 U ° m the difference in the GFP synthetic 
too k p,aceunderthe y stirr^^ 

Industrial Applicability 

%Z£T*S£^ 01 5 '- tefmina ' and ^rmina, non-trans.ationa. 

transcription having b^d^^^^ 

template ac^ and of 5«SKSSS c'e^^^ 



24 



EP 1 221 481 A1 



transcriptional/translational non-coupling cell-protein synthetic means comprising a continuous mRNA synthesis and 
a continuous cell-free protein synthesis utilizing a wheat germ extract and also a method for co-expression of plural 
proteins utilizing the cell-free protein synthetic means. The present invention achieved a less expensive, easy and 
efficient RNA synthesis and, as a result, it achieved the offer of a less expensive, easy and efficient cell-free protein 

5 synthetic means. In accordance with the present invention, synthesis of protein maintaining the function in vivo which 
has been difficult to obtain by the conventional protein expressing method using Escherichia cofi, insect cells, etc. is 
now able to be carried out easily and efficiently. Consequently, the present invention can be utilized for identification 
of genetic function or, in other words, analysis of function and structure of translation products, analysis of the relation 
between gene polymorphism and genetic function, construction of a method for the screening of genetic function, 

10 screening and identification of target protein for reagent for clinical tests and therapeutic medicaments, investigation 
of molecular design and effectiveness of medicaments using a target protein, etc. whereby it highly contributes in a 
pharmaceutical field and is extremely useful. 
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SEQUENCE LISTING 

<110> ENDO, Yaeta 

WAKENYAKU CO. , LTD 

<120> Template molecule having broad applicability and highly 
efficient function and cell-free protein synthetic 
means using the same 

<130> GPOO- 1006-2 

<140> PCT/JP00/07123 
<141> 2000-10-13 

<150> JP P HI 1-294370 
<151> 1999-10-15 

<160> 3 

<170> Patentln Ver. 2. 1 

<210> 1 
<211> 34 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Designed 

polynucleotide used as a 5' untranslated region 

<400> 1 

gaacaauuac cauacauuuu acauuacaac uaca 

<210> 2 
<211> 29 
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<212> RNA 

<213> Artificial Sequence 

5 

<220> 

<223> Description of Artificial Sequence^Designed 
10 polynucleotide used as a 5* untranslated region 

<400> 2 

gaacaacaac aacaacaaac aacaacaaa 29 
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<210> 3 
<211> 15 
<212> RNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence:Designed 
30 polynucleotide used as a 5' untranslated region 

<400> 3 

ggacaacaac aacaa 15 

35 



Claims 

40 

1 . A modifying means for translational template molecule which is a modifying means for translational template mol- 
ecule being able to be used as a means for ceil-free protein synthesis comprising that at least one base sequence 
selected from the following, i.e. 

45 1) a base sequence having an alfalfa mosaic virus (AMV) leader sequence, 

2) a base sequence having an Q sequence of tobacco mosaic virus (TMV), 

3) a base sequence having 70% or more homology to an alfalfa mosaic virus (AMV) leader sequence and 
being able to give mRNA which has about 70% or more translation initiation activity as compared with the 
translation initiation activity of mRNA where a CAP structure is present, 

so 4) a base sequence having 70% or more homology to an Q sequence of tobacco mosaic virus (TMV) and 

being able to give mRNA which has about 70% or more translation initiation activity as compared with the 
translation initiation activity of mRNA where a CAP structure is present, 

5) a base sequence described in SEQ ID NO: 1 , SEQ ID NO: 2 or SEQ ID NO: 3 of the Sequence Listing and 

6) a base sequence having 70% or more homology to the sequence selected from the base sequences de- 
55 scribed in SEQ ID NO: 1 to NO: 3 of the Sequence Listing and being able to give mRNA which has about 70% 

or more translation initiation activity as compared with the translation initiation activity of mRNA where a CAP 
structure is present 

is introduced into a structure of 5'-terminal of the said translational template molecule and then at least 



27 



EP 1 221 481 A1 

a non-translational sequence is introduced into a structure of S'-terminal. 

2. The modifying means for translation^ template molecule according to claim 1 , wherein there is combined with an 
introduction of a base sequence having a known translation initiation activity into a 5'-terminal. 

3. A plasmid utilized for the manufacture of a translational template molecule used for a cell-free protein synthetic 
means wherein 1 

® a base sequence carrying a promoter function, 

© a base sequence at the downstream thereof which is to be a transcriptional template for at least 
an alfalfa mosaic virus (AMV) leader sequence, 
an Q sequence of tobacco mosaic virus (TMV), 

a base sequence having 70% or more homology to an alfalfa mosaic virus (AMV) leader sequence or 
an a sequence of tobacco mosaic virus (TMV) and being able to give mRNA having about 70% or more 
translation init.ation activity as compared with the translation initiation activity of mRNA where a CAP structure 
is present, 

a base sequence described in SEQ ID NO: 1 , SEQ ID NO: 2 or SEQ ID NO: 3 of the Sequence Listing or 
a base sequence having 70% or more homology to the base sequence described in SEQ ID NO- 1 SEQ 
ID NO: 2 or SEQ ID NO: 3 of the Sequence Listing and being able to give mRNA which has about 70% or 
more translation initiation activity as compared with the translation initiation activity of mRNA where a CAP 
structure is present, 

® plural restriction enzyme cleavage sites at the region corresponding to the downstream thereof and 

at least 3' -terminal non-translational sequence at the region corresponding to the downstream of the 
termination codon of ORF (open reading frame) 
are aligned. 

4. The plasmid according to claim 3, wherein the size of the plasmid body is 3 Kb or more, 

5. The plasmid according to claim 3 or 4, wherein the plasmid is a circular type, 

6. The plasmid according to claim 5, wherein a base sequence carrying a transcription terminator function is aligned 
at the upstream of a base sequence carrying a promoter function. 

7. The plasmid according to claim 3 or 4, wherein the plasmid is a straight-chain type . 

8. A method for the synthesis of RNA utilizing the means according to claim 1 or 2. 

9- The method for the synthesis of RNA according to claim 8, wherein it is characterized in that, in a reaction system 
for the synthesis of RNA, a substance necessary for the synthesis of the said RNA is continuously supplied and/ 
or a substance inhibiting the synthesis of the said RNA and the by-product of the reaction are continuously removed. 

10. A method for the synthesis of RNA used for a cell-free protein synthetic means using any of the plasmids according 
to claims 3 to 7. 3 

11. The method for the synthesis of RNA according to claim 10, wherein it is characterized in that, in a reaction 
system for the synthesis of RNA, a substance necessary for the synthesis of the said RNA is continuously supplied 
and/or a substance inhibiting the synthesis of the said RNA is continuously removed. 

12. A cell-free protein synthetic means utilizing the mRNA obtained by any of the synthetic methods for RNA according 
to claims 8 to 11 . a 

13. A cell-free protein synthetic means utilizing any of the plasmids according to claims 3 to 7. 

14. A cell-free protein synthetic means where the cell-free protein synthetic means according to claim 12 or 13 is a 
cell-free protein synthetic means using an extract of wheat germ and, in the said wheat germ extract, contamination 
of endosperm components is substantially removed. 

15. A continuous transcriptional/translational non-coupling cell-free protein synthetic means which is the cell-free pro- 
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j 

tein synthetic means according to ctaim 12 or 13, wherein it is characterized In that the mRNA synthesis (tran- 
scription) and the protein synthesis (translation) are not coupled but are continuously carried out in a system. 

16. A continuous transcriptionalAransIational non-coupling cell-free protein synthetic means where the protein synthe- 
5 sis (translation) can be carried out in the same reaction vessel which is a cell-free protein synthetic means utilizing 

the plasmid according to claim 5 or 6 comprising that the mRNA synthesis (transcription) is carried out in a reaction 
vessel having a molecular sieve carrier, the said synthesized mRNA is purified and collected by a carrier which 
can carry out a molecular sieving and, under a dialysis condition, temperature of the reaction solution containing 
mRNA in the reaction vessel is changed to a temperature appropriate for the protein synthesis so that the protein 
10 synthetic reaction of the mRNA is carried out. 

17. A continuous transcriptional/translational non-coupling cell-free protein synthetic means which is a cell-free protein 
synthetic means utilizing the plasmid according to claim 5 or 6, wherein , a reaction vessel having a dialyzing means 
is used and, after the mRNA synthesis (transcription) is carried out in an inner area of dialysis membrane, the 

15 temperature of the reaction solution is changed to a temperature which is appropriate for the protein synthesis 

(translation) and, the solution composition in the inner area of dialysis membrane is converted to a solution com- 
position for the protein synthesis by dialysis whereby the mRNA synthesis (transcription) and the protein synthesis 
(translation) can be carried out in the same reaction vessel. 

20 18. A continuous transcriptionalAransIational non-coupling cell-free protein synthetic means comprising the following 
steps: 

(a) mRNA is synthesized in a reaction vessel having a carrier which is able to carry out a molecular sieving, 

(b) the said synthesized mRNA is purified by the carrier which is able to carry out a molecular sieving and then 
25 collected and 

(c) the protein synthesis is carried out in a reaction vessel containing the said synthesized and collected mRNA 
under a dialysis condition. 

19. A continuous transcriptionalAransIational non-coupling cell-free protein synthetic means comprising the following 
30 steps: 

(1) there is used a reaction vessel having a dialysis membrane where a mixed solution of the transcription 
reaction solution and the translation reaction solution is added to the inner area of the dialysis membrane, 

(2) a solution for the protein synthesis reaction is filled in as an external solution for dialysis to manufacture 
35 the mRNA in an inner area of dialysis membrane, 

(3) then the temperature of the reaction solution is changed to a temperature which is suitable for the protein 
synthesis reaction (translation reaction) and 

(4) synthesis of protein is carried out under a dialysis condition. 

40 20. A continuous transcriptionalAransIational non-coupling cell-free protein synthetic means where, in the continuous 
transcriptionalAransIational non-coupling cell-free protein synthetic means according to any of claims 15 to 1 9, an 
element which is selected at least from mRNA which is to be a translational template for protein synthesis reaction, 
enzyme of an energy regeneration system, substrate and energy source is subjected to a treatment selected from 
addition, preservation, exchange and discharge. 

45 

21. A cell-free protein synthetic means, characterized in that, a protein coating is applied at least on the surface 
participating in the dialyzing means or the molecular sieving means among the surfaces which are contacting to 
the reaction solution in the reaction vessel wherein mRNA synthesis is carried out. 

50 22. The continuous transcriptionalAransIational non-coupling cell-free protein synthetic means according to any of 
claims 16,18, 20 and 21 , wherein, as a molecular sieving means or a carrier which is able to carry out a molecular 
sieving, there is carried out using a filter having a pore size whereby separation of the synthesized mRNA from 
low-molecular substances such as substrate and by-products is possible. 



55 



23. A continuous transcriptionalAransIational non-coupling cell-free protein synthetic means wherein the cell-free pro- 
tein synthetic system used in the continuous transcriptionalAransIational non-coupling cell-free protein synthetic 
means according to any of claims 15 to 22 is a system utilizing a wheat germ extract and, in the said wheat germ 
extract, contamination of endosperm components is substantially removed. 
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24. A method for the co-expression of plural proteins using a cell-free protein synthetic means, characterized in that, 
two or more mRNA's which are translational templates in a cell-free protein synthetic means are used and each 
mRNA is separately pre-incubated in a cell-free protein synthetic reaction solution followed by mixing to conduct 
a cell-free protein synthesis. 

25. The method for the co-expression of plural proteins according to claim 24, wherein the mRNA used is an mRNA 
which is synthesized by any of the synthetic methods for RNA according to claims 8 to 11 . 



26. 



27. 



The method for the co-expression of plural proteins according to claim 24 or 25, wherein the cell-free protein 
synthetic means is a cell-free protein synthetic means using a wheat germ extract and contamination of the en- 
dosperm components in the said wheat germ extract is substantially removed. 

A wheat germ material for the cell-free protein synthesis comprising only yellow germ where germ having small 
injured area having white color and germ having brown or black color are removed. 



28. A wheat germ extract which is manufactured from the wheat germ material according to claim 27. 

29. The cell-free protein synthetic means according to claim 14 ; wherein the wheat germ extract where contamination 
of endosperm components is substantially removed is the wheat germ extract according to claim 28. 

30. The continuous transcriptional/translational non-coupling cell-free protein synthetic means according to claim 23, 
wherein the wheat germ extract where contamination of endosperm components is substantially removed is the 
wheat germ extract according to claim 28. 

31 . The method for the co-expression of plural proteins according to claim 26, wherein the wheat germ extract where 
contamination of endosperm components is substantially removed is the wheat germ extract according to claim 28. 

32. A cell-free protein synthetic means, characterized in that, in a cell-free protein synthetic system using a wheat 
germ extract, the cell-free protein synthetic reaction is carried out under such a condition that a reaction solution 
containing the wheat germ extract is not stirred under a static condition. 

33. The cell-free protein synthetic means according to claim 14 or 29, wherein the cell-free protein synthetic reaction 
is carried out under such a condition that a reaction solution containing the wheat germ extract is not stirred under 
a static condition. 

34. The continuous transcriptional/translational non-coupling cell-free protein synthetic means according to claim 23 
or 30, wherein the cell-free protein synthetic reaction is carried out under such a condition that a reaction solution 
containing the wheat germ extract is not stirred under a static condition. 

35. The method for the co-expression of plural proteins according to claim 26 or 31 , wherein the cell-free protein 
synthetic reaction is carried out under such a condition that a reaction solution containing the wheat germ extract 
is not stirred under a static condition. 

36. A method for the test of the relation between gene polymorphism and gene function, characterized in that, one 
means/method selected from the cell-free protein synthetic means according to claims 12-14, 29 and 33, the 
continuous transcriptional/translational non-coupling cell-free protein synthetic means according to claims 15-23, 
30 and 34 and the method for the co-expression of plural proteins according to claims 24-26, 31 and 35 is utilized. 

37. A method for the screening of the gene function, characterized in that, one means/method selected from the cell- 
free protein synthetic means according to claims 12-14, 29 and 33, the continuous transcriptional/translational 
non-coupling cell-free protein synthetic means according to claims 15-23, 30 and 34 and the method for the co- 
expression of plural proteins according to claims 24-26, 31 and 35 is utilized. 

38. A method for the synthesis of protein using one means/method selected from the cell-free protein synthetic means 
according to claims 14, 29 and 33, the continuous transcriptional/translational non-coupling cell-free protein syn- 
thetic means according to claims 23, 30 and 34 and the method for the co-expression of plural proteins according 
to claims 26, 31 and 35, characterized in that, protein is synthesized from gene derived from mammal utilizing 
a wheat germ extract. 
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Fig . 1 
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